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ABSTRACT

A large intracratonic sedimentary basin of mid-Paleozoic age in
the central Andes apparently received sediments from a western
120d source. Lithofacies and isopach data show a thickening and

general textural coarsening to the north and west in the Devonian’

rocks of Bolivia. Early to early Middle Devonian onlap and offlap
are recognized. Rate of subsidence in the basin was only slightly
exceeded by rate of sedimentation, because the youngest Devonian
beds recognized are either very shallow marine (in southern
localities) or nonmarine (in at least one northern locality). Devo-
nian brachiopod community studies suggest that a shallow marine
envircnment persisted in the region throughout the time of deposi-
tion of the Devonian rocks. An absence of bedded carbonate rocks
indicates a cold-chimate =nvironment of deposition. It is suggested
that the source area yielded abundant muscovite. Outcrops of sialic
basement relicts in th- Curdiilera Occidental are concluded to be
portions of a buried land mass. Key words: stratigraphic geology,
Devonian, Bolivia.

INTRODUCTION

In the central Andes, as much as 4,000 m of clastic sedimentary
rocks were deposited over a region of about 1.6 X 10° km® within a
20- to 23-m.y. time span during the Devonian Pe:iod. This region,
herein calle.. the central Andean intracratonic basin, occupied the
present area of northern Argentina. the Paraguayan Chaco. all of
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another. Lithofacies studies and 150pachs of the Bolivian portion of
the basin suggest that most of the Devonian sediments were derived
from a large western land source area including a mass then
situated beyond the present-day western continental margin of
South America.

James (1971, p. 3340} summarized the Paleozoic history of the
central Andes by including the Devonian in “‘undeformed Paleozoic
deposits totaling 10 to 15 km in thickness,” with these deposits
being chiefly on the Paleozoic continental shelf and slope. He
further characterized the region by including relicts of a sialic crust
to the west of these rocks and termed the corigin of this crust

“an enigma,” This paper proposes to unite James’s (1971) “relicts”
with a by pothemaf land mass of sialic composition to the west of
the cent-al Andes that vielded most of the Bolivian Devonian sedi-
ments. I ~eliminary calculations of sedimentary volume suggest that
the surface area of the Pampean uplifts (suggested by H'lrrinwton
[1967] as a source) and (or) the area of outcrop of jamc> s ( 197 71)
crust are insufficient to suppiy the volume of Devonian scdxments
in the central Andean intracraronic basin even at the lowest esti-
mate, unless these western peripheral belts were uplifted more than
1102 km.

——
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No eugeosynclinal sediments exist in any Devonian section mea-
sured. As far as can be determined to date, no volcanic rocks or
volcanogenic sediments exist in the central Andean Devonian sec-
tions. Similarly, it appears that no flyschlike sediments exist in the
region. No cyclic bedding or grading within beds is apparent. The
presence of ripple marks does not suggest a flysch origin of the sed-
iments. The occurrence of articulated shallow marine brachiopods
(see discussion below) throughout most of the sections further pre-
cludes such an origin. Gradational, and in places abrupt, contacts
between beds of differing lithology are interpreted as being a
change in the epeirogenic-eustatic land-sea relations or as changes
in the rate of erosion of the source area.

PREVIOUS WORK

An eastern source area with a geosyncline to the west has been
proposed by some, and a southwestern source supplying an intra-
cratonic (or pericratonic) basin by others. Kozlowski (1923, p. 7)
suggested that the bulk of the Bolivian Devonian was deposited in a
shallow marine basin, with the western portion being deposited in
a slightly deeper basin. Chamor (1969) concurred with this view
and suggested that the main source for the sediments was the
“Central Brazilian upland” to the east. Weeks (1947, p. 80-81)
stated that an Early Devonian transgression from the west depos-
ited “thousands of meters of flysch type sediments” in the “Cordil-
leran trough area of Bolivia and south Peru.”” Ahlfeld and Branisa
(1960, p. 69-70) sugeested thar a genevncline accunied the area of
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Figure 1. Map of central Andes region, showing locations of measured
sections.
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central to nortnwestern Boiivia, as the Devonian sequetee iicte is
thicker and the rocks tend to be finer in grain size than the southern
Bolivian sequence. Padula (1959, p. 9) proposed a eugeosyncline
in northwestern Bolivia and a miogeosyncline in the Sierras Suban-
dinas region of east-central Bolivia. Lohmann (1970, p. 740) con-
cluded that contorted **Middle or Late Devonian™ black shale and
fine-grained sandstone in northern Bolivia suggested the end of a
*geosynclinal deep-sea phase” there.

Amplifying the view of Bonarelli (1921), that the Pampean mas-
sifs of northwestern Argentina and southern Bolivia supplied sedi-
ments to the Devonian rocks of the Cordillera Oriental and the
Sierras Subandinas of Bolivia, Harrington (1967, p. 655) sugge<ted
that “the axis of maximum subsxdence and accumulation is reached
along the present Subandean Ranges,”” with the Pampean uplifted
areas yielding transported sediments from the west. Sonnenberg
(1965, p. 39) suggested some sediments were contributed trom the
rejuvenation of the Pampean massif in “mid-Devonian time.’

In the terminology of Kay (1951, p. 17), the Devonian sediments
of Bolivia were deposited in an exogeosyncline, with no
miogeosynclinal and eugeosynclinal elements of an orthogeosyn-
cline. The region might be compared to King’s (1969, p. 49) “‘suc-
cessor basin”™ model, although the tectonic history of the area re-
mains too speculative to permit such a characterization.

Only three areas of Bolivia have been described in any strati-
graphic detail. Knowledge of the character of the Devonian strata
of northwestern Bolivia came from Ahlfeld and Branisa (1960),
Fricke and others (1964). and Wolfart and Voges (1968). Cengral
Bolivia was described by Ahlfeld and Branisa (1960) in less detail,
although Chamot (1969, unpub. data) supplied detailed strati-
graphic information for the Icla locality (Fig. 1) in south-central
Bolivia. Information on the Chiquitos area of eastern Bolivia came
from Barbosa (1948), Ahlfeld (1956), and Chamot (1963). Ahlfeld
and Branisa (1960) offered the best synthesis of stratigraphic in-
formation beyond a limited geographic region, and Schlatter and
Nederlof (1966) offered the first comprehensive paleogeographic
summary. Information for the Argentine and Paraguayan portions
of the central Andean intracratonic basin is from Padula and others
(1967, p. 168), who described the Devonian of the northwest basin
of Argentina as being thinner than that across the frontier in
Bolma, and stated that, from time to time during the Devonian, the
uplifted “Puna and Pampean Arch” contributed locally conglom-
eratic units to the east. The Paraguavan Chaco consists of approxi-
mately 2,000 m of Lower Devonian shale and silty shale (Harrnng-
ton, 1956, p. 107; Eckel, 1959, p. 68), with a thinner, sandier
facies to the east (Wolfart, 1961, p. 57-58).

DISCUSSION
Marine Sediments

The Devonian marine strata contain abundant detrital musco-
vite, most of which is unweathered. Bedded carbonate rocks and
evidence for reef-dwelling organisms are absent, with the possible
exception of the Los Monos section. Clarke (1913, p. 26) and
Ahlfeld and Branisa (1960, p. 70) concluded that the environment
of deposition throughout the region was very cool in Devonian
time — too cool to favor the existence of many lime-precipitating
microorganisms. The presence of detrital mica indicates that
mechanical rather than chemical decomposition was dominant in
the source area. Any carbonate deposition that may have taken
place was probably masked by terrigenous deposition, especially in
the thicker western sections. Many clastic rocks have some carbo-
nate cement.

Strata containing argillaceous carbonate nodules have been ob-
served by Chamot (unpub. data) and by me. Weeks (1953) inter-
preted such carbonate nodules as being syngenetic carbonate pre-
cipitation around an organic nucleus that continued until the
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abundant at the Icla—Cha-kjeri, Quilco, and l’rgsto localities,
whereas the size and abundance of such nodules decrease in the
northwestern localities of Ayo Ayo and Belén. This may indicate a
higher rate of sedimentation in the north than elsewhere. The
nodules occur only in the middle argillaceous portions of deposi-
tional sequences, not in the lower and upper parts.
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Nonmarine Sediments

Few nonmarine sedlmentary rocks are recognized in the Bolivian
Devonian strata, if one ignores the various age assignments (Davila .
and Rodriguez, 1967; Wolfart and Voges, 1968) given to the
quartzite below the Devonian. A definite shallowing trend has been
recognized in gross aspect by Boucot (1971, p. 38), and in detail by
me (Isaacson, 1974b) at one locality. All sections exhibit a shallow-
ing trend, although only the Belén-Pujravi section records non-
marine sedimentation. This section, with several units of quartzose
sandstone, has halite solution pits in the uppermost beds. Careful
field examination indicates that the sandstone is unfossiliferous. Al-
though the lack of fossils and gross lithologic character suggest at
least littoral or supratidal deposition, the presence of nonmarine
sediments can be determined only when the silty interbeds are
examined for the presence or absence of marine phytoplankton
(acritarchs).

Base of the Devonian

Branisa (1960, 1969) and Branisa and others (1972) have drawn
the Silurian-Devonian boundary between the quartzite and
siltstone-sandstone that is briefly described in the sections listed in
Appendix 1. Inasmuch as the upper part of the quartzite is unfos-
siliferous, its age is controversial. Because Silurian fossils (for
example, the brachiopods Clarkeia, Harringtonina, and some trilo-
bites) exist in the lower part of the quartzite, the entire unit is now-
assigned Silurian age for convenience in estimating the position of
the base of the Devonian strata throughout the Andean region.

Time Span for the Devonian Sequence

Estimates made by Boucot and others (1969), Boucot (1971),
and by me (Isaacson, 1974a) place the time range of late Siegenian
trough late Emsian or early Eiteiian as the amount of ame in-
volved for deposition of most of the Bolivian Devonian sequence —
less than 20 m.y. In summary, because Givetian and younger
faunas are generally considered to be cosmopolitan, their absence
in Bolivia suggests that beds younger than Eifelian in Bolivia (Koz-
lowski, 1923; Ahlfeld and Branisa, 1960; Schlatter and Nederlof,
1966; Harrington, 1967; Wolfart and Voges, 1968) are not pres-
ent. Also, occurrences of several Early Devonian brachiopod gen-
era and species near the tops of some of the sections lend additional
support to an Early Devonian age for most of the strata.

Paleoecologic Considerations

The following environmental assignments have been proposed
for the Malvinokaffric Realm (a geographic region including most
of southern South America, South Africa, and Antarctica during
Early Devonian time), based on the brachiopod community scheme
proposed by Ziegler (1965) and developed by Boucot (1971, 1974)
and by me (Isaacson, 1974a): In Benthic Assemblage (BA} 1 (high
intertidal zone) are homalonotid trilobites, most bivalves, or-
biculoid and linguloid brachiopods, and some trace fossils. The
Globithyris Community occupies a position that includes parts of
both BA 1 and BA 2 (Isaacson, 1974b). Most of the terebratuloid
brachiopods found in the Malvinokaffric Realm are in BA 2 (low
intertidal zone). Terebratuloid genera include Scaphiocoelia,
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pleurothyrella, Derbyina, and Mutationela. Incluaed in BA 2 is the
Tropidoleptus Community. Larger chonetid, spiriferid, and
schuchertellid brachiopod communities occupy a BA 3 position
(shallow subtidal zone). The deepest communities recognized are
the Metaplasia and Austronoplia (n. gen.) Communities, which oc-
cupy @ BA 4 and 5 (mid- to outer-shelf) position. BA 6 (continental
slope zone) has no brachiopod representatives. No beds appear to
have been deposited in an environment deeper than the shelf edge
(200 m).

Although most of the fossils recovered from localities in the Boli-
vian Devonian strata do not appear to have been preserved in life
position, it is unlikely that they underwent long-distance transpor-
tation. Boucot (1974) summarized this question and emphasized
that it was unlikely for shells to accumulate in large quantities very
far from their growth site in the shallow marine environment.

Unconformity

An angular unconformity between the Devonian and younger
beds has been observed in most of the measured sections. Depend-
ing upon the locality, the unit above the unconformity ranges from
Carboniferous sandstone to Tertiary andesite. Where a Car-
boniferous unit is present above the unconformity in Bolivia, the
angle between this unit and the Devonian strata below is not grea-
ter than 5°.

INTERPRETATIONS
Lithofacies-Isopach

Figure 2 is a fence diagram of the sections measured and briefly
described in Appendix 1. Lithologic correlation has been made be-
tween the sections. The sections follow the longitude of each locai-
ity (Fig. 1), but for clearer presentation, the latitudes of some have
been adjusted slightly.

Several trends can be observed in the diagram: (1) All sections
thin from north to south and from west to east. (2) A number of
quartzose sand beds pinch out from west to east. (3) Local sandy
unirs are seen in the east (Gamoneda), and they seem to have no
western correlatives. (4) The proportion of muddy and silty beds
on the east increases relative to sandy units. {5) The uppermost
LURManne Uods al DeiCii-lujrdvi fiidy De represented Dy Thin units
at some of the eastern or southern localities. (6) The same percen-
tage of rock column occurs above and below Tropidoleptus in all
sections. (7) The absence of either Tropidoleptus or Scaphiocoelia
or Pleurothyrella) in some sections is due to that particular hori-
zon in those sections representing another depth environment in
which these taxa will not live; that is, the absence of a raxon is due
to an ecologic, not a temporal, boundary. (8) If and when lower
portions of the sections at Hinchaka-Huako are located. they
should prove to be thicker and coarser in texture than all other sec-
tons in Bolivia.

Serious gaps exist in the measured sections; that is, berween
Gamoneda and Belén, along the altiplano of southwestern Bolivia,
and in most areas of southern to central Peru. For example, Swartz

1925) mentioned some fossils obtained near the Chilean frontier
that may be Devonian.

Paleogeography

Figures 3a, 3b, and 3¢ show paleogeographic reconstructions for
the Devonian strata of the central Andes, based upon the data
‘ummarized in Figure 2. Insufticient data exist for Peru to allow for
‘M extension of a paleogeographic reconstruction to that region, al-
‘2ough Devonian rocks crop out at various localities between Lake
Titicaca (Newell, 1949) and Tarma, Peru (Megard, 1973).

Proximity to the shoreline in Figures 3a, 3b, and 3¢ is qual-

itatively estimated on the basis of size and roundness of grains and
lithologic composition of the rocks. It is apparent from the isopach
data that proximity to the shorcline does not imply proximity to
the source area. The position of the “zero isopach” line is a func-
tion of post-Devonian erosion. Phase boundaries are chosen for
convenience of identifying definite lithologic breaks in the deposi-
tional scheme, as well as probable changes in proximity of the
shoreline.

The interval of deposition depicted in Figure 3a is defined as the
interval between the Silurian quartzite and the top of the siltstone-
sandstone that contains the Scaphiocoelia-Pleurothyrella zone in
many of the sections.

In Figure 3b, isopach and lithofacies data are placed for strata
between the top of the siltstone and sandstone described for Figure
3a and the lower contact of the sandstone that contains the
Tropidoleptus zone in most sections. This does not imply that the
time of deposition for the first phase is equal to that of the second
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Figure 2. Fence diagram of Devonian of Bolivia. Numbers on diagram
refer to locations of measured sections (see Appendix 1) as follows: 1,
Hinchaka—Huako—Isla del Sol (La Paz Department); 2, Ayo Ayo (La Paz
Department); 3, Belén-Pujravi (La Paz Department); 4, Presto (Chuquisaca
Department); 5, Icla—Cha-kjeri (Chuquisaca Department); 6, Pojo
(Cochabamba Department); 7, Quebrada del Quilco (Santa Cruz Depart-
ment); 8, Gamoneda (Tarija Department); 9, Lajas (Santa Cruz Depart-
ment); 10, Los Monos (Tarija Department); 11, La Mendieta (Jujuy Pro-
vince, Argentina). C.Q. = Condoriquina Quartzite; I, I1, I refer to por-
tions of columns included in depositional phases 1, 2, and 3, respectively.
Figure drawn without palinspastic correction.
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Figure 3a. Paleogeographic reconstruction of first phase of deposition in
central Andean intracratonic basin, showing proposed shoreline and loca-
tion of western land source area. Isopachs in meters.
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Figure 3c. Paleogeographic reconstruction of third and final phase of
deposition in central Andean intracratonic basin, showing proposed east-
ward migration of shoreline, large accumulation of nonmarine units, and
emergence of Brazilian Shield to add very small terrigenous influx from
east.

phase, or, for that matter, that of the third phase. The second phase
of deposition represents a direction of transgression to the west, as
evidenced by the over-all fining of the lithofacies during the second
phase.

In Figure 3c, data for the third and final phase of recorded Devo-
nian deposition in the basin include strata between the base of the
Tropidoleptus zone and the unconformity that terminates all of the
sections. Considering the presence of nonmarine sediments at Puj-
ravi, it is estimated that the shoreline during the third phase mi-
grated east to a position near La Paz. This interval indicates a sig-
nificant marine regression, to the extent that emergence of the
Brazilian Shield possibly produced a terrigenous input in the east,

as evidenced in the Gamoneda section and the sequence at
Chiquitos (Barbosa, 1948; Ahlfeld, 1956; Chamot, 1963).

7 750 o Laa
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Figure 3b. Paleogeographic reconstruction of second phase of deposi-
tion in central Andean intracratonic basin, showing proposed shoreline that
has migrated westward since first phase (Fig. 3a). Isopachs dashed where
unsupported by data.

Data for southern and central Peru (Harrington, 1967; Megard
and others, 1971; Megard, 1973; G. Laubacher, 1972, oral com-
mun.) suggest that a possible thinning of the Devonian rocks occurs
toward central Peru as far as the vicinity of Huanuco-Huancayo,
where the section seems to ‘““grade into phyllites and quartzites™
(Harrington, 1967, p. 654).

Volume of Sediments

Either the source area for sediments contributed to the Bolivian
portion of the central Andean intracratonic basin could have been a
belt of basement rocks occupying an area equal to that of the Cor-
dillera Occidental (Fig. 4), or a larger, now unexposed, western
land mass adjacent to the coast of present-day South America (Fig.
4) could have contributed the sediments. A northwestern source is
unlikely, because of the thinner and finer grained units in southern
Peru (G. Laubacher, 1972, oral commun.).

The point-count method for calculating sedimentary volumes
outlined by Gilluly and others (1970) was not employed, because
thicknesses of Devonian rocks beyond those discussed in Appendix
1 are relatively unknown, and because the extent of the Devonian
strata remains poorly understood. Instead, a shape consisting of a
pyramid resting on a triangular slab was created to determine the
approximate volume of the prism of Devonian rocks in most of
Bolivia. The dimensions of the pyramid are the distances between
farthestlocalities (1,000 km) and thicknesses of a4,000-m maximum
(restored isopach interpretation in the northwest) to an 850-m
minimum (east and southeast). The volume of this pyramid, and
hence the minimum volume of the Devonian in the Bolivian portion
of the central Andean intracratonic basin is 8.4 x 10° km?®. If the
source area were that approximated by the area outlined by hatch
marks on Figure 4, or 1.7 X 10° km?, that area would have had to
be uplifted 5 km to supply sediments to fill the above volume, as-
suming no sediments were shed to the west of the source area. If
such an uplift had occurred, a distinctively different sedimentary
record would show coarser clastic material, fewer fossils, such
sedimentary structures as scour and fill, and poorly sorted sedi-
ments with immature grains.

The stippled area of Figure 4, combined with the hatched area
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Figure 4. Paleogeographic model for central Andes during Devonian.
Black lines = international boundaries; dashed-dotted lines = approximate
boundaries of central Andean intracratonic basin during maximum trans-
gression. Data for northwestern Argentina from Padula and others (1967);
data for Paraguay from Harrington (in Boucot, 1971). Solid black areas =
outcrop areas of metamorphic and igneous basement rocks as they appear
today. Outcrop data for Peru from Hosmer (1959), Dalmayrac and others
(1971), and G. Shepard (1973, written commun.); Bolivian data from Ser-
vicio Geologico de Bolivia (1968); Argentine data from Turner (1964,
1970); and Chilean data from Gonzalez-Bonorino and Aguirre (1970);
Brazilian outcrop data are not included. Area outlined by hatch marks =
area considered in sedimentary volume calculations, assuming that no addi-
tional western land mass existed. Dotted area = minimum area of addition-

al western land mass that is postulated to have existed during Devonian
Period.

discussed above gives an area of 9.4 X 10° km®. Fven an area of thic
size appears to be too small to have supplied the sediments. Though
an uplift of 1 km to supply the volume needed is reasonable, con-
sideration must be given to the sediments shed to the west also and
to the sediments contributed from the Brazilian Shield. Hence,
an area of the size proposed in Figure 4 was uplifted 2 km, or
one of at least twice the proposed surface area was present during
the Devonian Period, since contributions from eastern or northern
sources, if any, were probably small.

Basement Outcrops in the Western Cordillera
There are many reports of metamorphic and igneous basement

rocks in the Cordillera Occidental and on the South American
coast from northern Peru to southern Chile. Figure 4 delineates

present-day outcrops of such rocks. Peruvian localities consist of

various metamorphic lithologies and are numerous (Douglas,
1920; Jenks, 1946; Oppenheim, 1946; Hosmer, 1959; Dalmayrac
and others, 1971; Megard and others, 1971; Martinez and others.
19725 ) Megard, 1973; G. Shepard, 1973, written commun.). The
Peruvian portion of Figure 4 shows outcrops of Precambrian rocks
there, reported by the “above authors. Ruiz and others (1961) and
Gonzilez-Bonorino and Aguirre (1970) outlined in northern Chile
outcrops of metamorphic and granitic basement rocks that had
previously been considered as Precambrian by Gerth (1932).
Radiometric dates from rocks of various localities throughout
Chile led them to conclude that the oldest age for menmorphlsm of

these rocks was late Paleozoic, and that no Precambrian rocks were
recognized in Chile. Outcrops of “metamorphic basement” rocks
in northern Chile are few (Harrington, 1961, p. 172; Gonzilez-
Bonorino and Aguirre, 1970, p. 980), because Mesozoic and Ter-
tiary volcanism and plutonism have obscured the early history of
the region. For similar reasons, no Precambrian rocks have been
cited for western Bolivia, although extensive outcrops of the Brazil-
ian Shield occur in eastern Bolivia (Servicio Geoldgico de Bolivia,
1968, p. 17). Upper Precambrian metamorphic and granitic rocks
and Silurian granite occur in northwestern Argentina (Turner,
1964, p. 23-26; 1970, p. 1032-1035, 1042-1043). These rocks
support the thesis that sialic basement bounds the Devonian basin.
Helwig (1973, p. 1494) felt that the western Cordillera “became
emergent prior to the Carboniferous.” I believe that emergence
took place before Devonian time.

CONCLUSIONS

1. A large accumulation of Devonian shallow marine to non-
marine clastic sedimentation in Bolivia contains no sediments that
would suggest a eugeosynclinal environment of deposition.

2. Maintenance of the shallow environment of deposition along
with thicker and coarser accumulations of strata in northwestern
Bolivia necessitate an almost exclusively western land source for
these sediments.

3. The size of the western land source that yielded the volume of
sedimentary detritus in the Bolivian portion of the basin alone
suggests that more land area existed in the western South American
continent than exists today.

4. Abundance of detrital mica in the sediments indicates that
there was a provenance area of highly micaceous rocks like those
that crop out in the Cordillera Occidental today.

5. The idea of a western land source is not new (see Miller,
1970, for a discussion of the disappearance of such an area), but
this paper offers additional evidence for its existence.

6. Middle to Late Devonian orogenic activity may have oc-
curred in the interior of such a source area, although only epeiro-
genesis affected the central Andean intracratonic basin.

7. A western land source model suggests that many early con-
cepts of the mid-Paleozoic history of the central Andes need revi-
sion, and thar more derailed sedimentologic dara {such as paleocur-

rents) are necessary.

APPENDIX 1. MEASURED SECTIONS

Devonian rocks are best exposed along the flanks of synclines and anti-
clines in the Cordillera Oriental and Sierras Subandinas of the Andes
Mountains in the western two-thirds of Bolivia. Strata are also exposed in
the altiplano between Oruro and La Paz, extending through Lake Titicaca
into southern Peru. Other sections are at Rurrenbaque (Diaz, 1959; G. A.
Chamot, 1969, unpub. data), Roboré (Barbosa, 1948, Ahlfeld, 1956;
Chamot, 1963), and the Cabaiillas region of Peru (Newell, 1949; G.
Laubacher, 1972, oral commun.); these are essentially unmeasured. The
sections that were measured are shown in Figure 1. Brief descriptions of the
lithologic and paleontologic character and of over-all thicknesses of the sec-
tions follows: Numbers following locality names refer to the columns as-
sembled in Figure 2. Formational names have been largely avoided to elim-
inate confusion of dmenno usages of stratigraphic names.

Hinchaka-Huako-Isla del Sol (1)

Section — 910 m of Devonian. The rocks begin at the shore of Lake
Titicaca, where gently dipping beds of fine-grained, micaceous, and quartz-
ose sandstone (200 m) are medium bedded, well cemented with silica, and
exhibit ripple marks. Uppermost beds of the sandstone yield abundant
specimens of the brachiopod Metaplasia, almost exclusively. Overlying this
sandstone are micaceous mudstone and silty mudstone (450 m). with some
siltstone interbeds. Fossils from this sequence are rare. The top 75 to 80 m
of the section contains medium-grained, quartzose (approximately 80 per-
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cent quartz) sandstone, which is thickly bedded and well cemented. | he
lower portion of the sandstone vields the brachiopod Tropidoleptus. A sub-
tle angular unconformity (approximately 2° to 3°) separates the sandstone
from Carboniferous arkosic sandstone, diamictite, dune sand, and coal
beds. Ascarrunz and Radelli (1964) included the diamictite in their Devo-
nian section, thus indicating that they did not recognize the angular uncon-
formity.

Avo Ayo (2)

Section — 3.300 m of Devonian. Although this section is incomplete, it is
bv far the thickest encountered in Bolivia. Immediately above Silurian
qharmtc follows micaceous, sandy siltstone (750 m), with the brachiopod
Scaphiocoelia. Above this unit commences mudstone (800 m), with sparse
interbeds of indurated siltstone and fine-grained. thinly bedded sandstone.
Fossils above the lowermost siltstone are rare. One explanation for this is
that the Avo Avo section records the highest apparent rate of sedimentation
of those measured in Bolivia; the fossils are diluted by a high sediment in-
put. This depositional environment may have been too turt.sid for
brachiopod survival (Heckel, 1972, p. 250). A distinct cliff-forming
Quartzite unit interrupts the mudstone-siltstone sequence.

Called the Condoriquifia Quartzite (named by Ahlfeld and Branisa,
1960, p. 66). this unit consists of 30 m of fine- to medium-grained mica-
ceous and quartzose (90 percent quartz) sandstone with subangular grains; it
1s massively bedded and well cemented. A monolithologic, rarely fossilifer-
ous 1,000-m interval of siltstone and mudstone of variable bedding thick-
ness follows; the top is marked by a distinctive, medium-bedded, micace-
ous, limonite-bearing sandstone. Above this unit the section becomes sand-
ier and more quartzose, with silty and muddy beds becoming subordinate.
A Tropidoleptus-bearing sandstone (fine grained, slightly quartzose [70
percent], thickly bedded, cliff forming) is approximately 300 m above the
previous cliff-forming sandstone. Above this last sandstone is mudstone, in
which a goniatite cephalopod was reported (Lizarazu, 1969; L. Branisa,
1972, oral commun.), with an age range of early Eifelian to late Givetian.
This occurrence may indicate an upper age limit for the Devonian sequence
at Ayo Ayo. Tertiary lacustrine deposits lie on the mudstone with angular
unconformity.

Belén-Pujravi (3)

Section — 2,700 m of Devonian. Beginning at a Silurian quartzite con-
tact, the section contains 200 m of sandy siltstone. similar to that at Ayo
Avo, and bears Scaphiocoelia and a few carbonate nodules. The next 800 m
consists mainly of mudstone and siltstone that contain argillaceous carbon-
ate nodules, which are fossiliferous. The Condoriquifia Quartzite, similar
to that at Ayo Ayo, follows. The top 800 m is chiefly angular grained, mas-
sivelv bedded. micaceous and guarizose sandstone with Iropidoiepius az
the base and cubic solution pits, which were presumably tiled with haiite,
at the top. Because there does not appear to be an angular unconformity
between any part of the sandstone, and because the sandstone appears not
to resemble Carboniferous units described from Bolivia, this portion of the
section is interpreted to be nonmarine Devonian. Tertiary deposits lie un-
conformably over the sandstone.

Presto (4)

Section — 740 m of Devonian. Immediately above Silurian quartzite is
the trace fossil Arthrophycus in a medium-grained sandstone (5 m), which
is medium bedded, angular grained, and well cemented. L. Branisa (1972,
oral commun.) has reported Scaphiocoelia from the same bed, but I recov-
ered none. Shale (550 m) occupies the central portion of the section, and
fossils occur at various levels, some in carbonate nodules 30 to 40 cm in
diameter, others randomly in the shale. Large spiriferid brachiopods are the
chief fossil type found in this unit. The trace fossil Zoophycos marks the
upward change in lithology to a fine- to’medium-grained sandstone (100
m), which is massively bedded and consists of varving amounts of quartz,
from 40 to 90 percent. Muscovite is found abundantly in all lithologies. The
top of the section is the eroded ground surface.

Icla—Cha-kjeri (5)

Section — 1,650 m of Devonian. Immediately above Silurian quartzite is
densely fossiliferous sandstone (5 m), with Scaphiocoelia being a conspicu-

ous occupant among many brachiopod genera w this unit. This i
grained sandstone is medium bedded, well cemented, and moderately well
soried. Asymmetrical interference ripple marks are on many bedding sur-
taces, with manv fossils being found in their troughs. The ripple marks are
aligned in a northeast-trending orientation. Dark-gray to brown shale (570
m) tollows, containing carbonate nodules with conularids, hyolithids, and
trilobites in the middle of the unit. Three sand units (10 m each) form small
clitts slightly below the zone of nodules. Zoophycos-bearing siltstone fol-
lows, marking the beginning of a coarser grained sequence. Tropidoleptus
occurs in a siltstone-mudstone sequence; Globithyris, the shallowest articu-
late brachiopod found in Bolivia (Isaacson, 1974b), occurs in the uppermost
sandstone (80 m) of the section. This medium-grained, medium-bedded
quartzose (90 percent) sandstone contains angular grains. The top of the
section 1s marked by an erosional unconformity between Devonian and
Terdary andesite (G. A. Chamot, unpub. data).

Pojo (6)

Section — 650 m of Devonian. Fine-grained, thinly bedded sandstone
(250 m), that gradationally overlies Silurian quartzite, contains intertidal
brachiopods, such as Pleurothyrella, Proboscidina, and Australocoelia.
Sparsely fossiliferous black shale (195 m) follows. The remainder of the sec-
tion is mainly fine- to medium-grained sandstone that contains subrounded
grains for the most part and has thin to medium bedding. The sandstone
has some ripple marks, cross-bedding, and siltstone partings.

Quebrada del Quilco (7)

Section — 1,740 m of Devonian. The section begins with fine-grained,
well-cemented silty sandstone (80 m) that contains interference ripple
marks. Abundant brachiopods (Proboscidina) have accumulated in the
troughs of the ripple marks. Black micaceous shale and mudstone (600 m)
follows, with rare fossils. The brachiopod Pleurothyrella is an important
element in the lower 5 m of the unit. An abrupt lithologic change to
Zoophycos-bearing siltstone marks a new sequence (800 m) of siltstone and
fine-grained, micaceous, and medium-bedded sandstone with rare fossils.
Dominant among the few fossils are conularids, tentaculitids, plant frag-
ments, and bivalves. Inasmuch as bivalves occur stratigraphically above the
plants, I have concluded that these plants were marine or at least were de-
posited in a marine environment. Tertiary lacustrine deposits are angularly
unconformable on the Devonian.

Gamoneda (8)

Section — 860 m of Devonian. Overlying the Silurian quartzite, the Dev-
onian sequence commences with siltstone (500 m), some beds of which bear
fication abundant and diverse
brachiopods. Fussiliferous mudstonc and siltstone comprise most of the sec-
tion. A micaceous medium-grained sandstone (50 m), which is medium
bedded and friable, terminates the section. In this sandstone are Devonian
spiriferid brachiopods, with plants above them. Until positive identification
of the plants is made, a Devonian age assignment of the uppermost portion
of the section is tentative, for the plants could be Carboniferous in age. Ter-
tiary lacustrine sediments lie with angular unconformity on the Devonian.
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Lajas (9)

Section — 800 m of Devonian exposed. This section is predominantly
siltstone and mudstone and is incomplete. Only the upper part of the sec-
ton is exposed. Fine-grained, micaceous, and thin-bedded sandstone inter-
beds (20 m each) occur in the exposed portion of the section. Fossils are
rare. The top of the section is marked by an erosional unconformiry,
separating the Devonian from massively bedded Carboniferous sandstones.

Los Monos (10)

Section — approximately 450 m of Devonian exposed. H. J. Harrington
{1973, written commun.) reported on the section as follows: “ . . . the wells
drilled near the anticlinal crest . . . encountered more than 1000 meters of
Los Monos Formation (Devonian) and bottomed in this unit . . .. The ex-
posed Devonian consists of mudstones, shales, siltstones, sandstones, and
several limestone [Harrington’s emphasis) beds 0.5 to 1.0 thick individual-
ly, which can be easily mistaken for sandstone.” The top of the section 1s



!

EVIDENCE

marked by an unconformity between the Levoriiari -and Mississippian
fluviatile sandstones (Harrington, 1973, written commun.). Homalonotid
wmilobites collected near the top of the section indicate a very shallow marine
high intertidal) environment of deposition (see discussion above).

La Mendieta, Argentina (11)

Section — 21 m of Devonian. Fifteen meters of medium-grained, quartz-
ose (90 percent) sandstone is well cemented, medium to thickly bedded, and
+xhibits cross-bedding. Shale (6 m) follows with rare fossils. The top of the
section is an eroded surface.
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